Abstract
Introduction
Product innovation has become a key means for enterprises to obtain market initiative. How to scientifically and reasonably using the innovation theory and methods to improve the ability of innovation has become an urgent problem to many enterprises [1] . There are many different kinds of theories and methods of product innovation, each method has its own emphasis. Among these, the following creative methods is famous: Cluster Analysis (CA), Brain Storm (BS), TRIZ, Quality Function Deployment (QFD), Reliability Testing (RT). Design for Six Sigma (DFSS) is also famous as a management theory.
In order to solve the problem of product innovation design, many scholars has researched on the integration of different theories and methods. Ma has researched on integration of QFD, TRIZ and Design of Experiment (DOE) based on DFSS [2] . Shao has researched on product innovation design method integration of six sigma, QFD and TRIZ [3] . Ji has researched on the product innovative design model based on QFD, TRIZ, CAPP and DOE [4] . Hu has researched on the six sigma Design Method based on integration of QFD, FBS and CDOE [5] . Researches on the integration of various theories and methods have become a hot of product innovation, but the study of innovative design model in the view of whole design process is still deficient.
In order to solve the problems of product innovation design in the view of whole product development process, an innovation design model is developed. The five layers innovation design model integrates the creative methods (cluster analysis, brainstorm, TRIZ, QFD and reliable testing) and the process management theory (design for the six sigma).
Overview of CA, BS, TRIZ, QFD, RT and DFSS
(1) CA (Clustering Analysis): It is also called group analysis. It is a multivariate statistical method to study the classification. The hierarchical clustering method and iterative clustering method are the mainly two methods of the CA. The method aims at classifying n samples into m clusters under l index, according the individual characteristics of each sample [6] [7] .
(2) BS (Brainstorm): It is a group or individual creativity technique by which efforts are made to find a conclusion for a specific problem by gathering a list of ideas spontaneously contributed by its member(s). It is a method to conquer the thinking obstacles based on the psychology and behavioral science. The method is used to help the designers break the restrictions of Thought, professional and individual knowledge, improve the rate of innovative problem solving [8] [9] .
(3) TRIZ (Theory of Inventive Problem Solving): the theory aims at solving the inventive problem. It was developed By Genrich Altshuller and his colleagues in the former USSR starting in 1946, after examining over 2 million patents all over the world. Its core is the evolution theory of technology. The main tools to analyzed and solved problem are Contradiction Matrix, Conflict resolution principle, principle of invention, substance field analysis, standard solution and effect [10] .
(4) QFD (Quality Function Deployment): It is a customer oriented product development methods, based on the house of quality (HOQ). Through the correlation matrix, the relationship matrix and the customer's weight matrix, the QFD calculates the weight of each contradiction solution, obtains the optimal contradiction solution [11] .
(5) RT (Reliability Testing): It's general term for following reliability experiments: understanding, analyzing, improving and evaluating the solutions. The purpose of reliability testing is to discover potential problems with the design as early as possible and, ultimately, make sure that the system meets its reliability requirements.
(6) DFSS (Design for Six Sigma): It is an effective method to improve product quality and reliability, reduce the cost and shorten the development cycle. At present, the design of innovative products usually refers IDDOV process: identify, definition, design, optimize, verify [12] [13] .
The Relationship between CA, BS, TRIZ, QFD, RT and DFSS

Study on the Complementary Relationship between CA, BS, TRIZ, QFD and RT
CA, BS, TRIZ, QFD and RT are the famous methods in the engineering field. They can be used individually or group to solve certain engineering problem. In fact, there is a closely relationship between them. BS finds the problem to be solved, based on Cluster Analysis (CA) of the customer data. BS can identify "what to do", but there is no answer about "how to do". TRIZ is used to find "how to do". TRIZ is also a effective method to solve the contradictions and conflicts between the requirements and the solutions. But TRIZ cannot find "how to better". QFD can calculate the weight coefficient of each solution, select the optimal solution scientifically and flexibly [11] . RT is used to test the solutions whether they are reliable. The relationship between these methods is shown in Table 1 . The analysis indicates that, CA, BS, TRIZ, QFD and RT can well support each other. The group of these methods names method set. Integrating method set with a reasonable process will produce a great creativity. 
Study on the Relationship between Method Set and DFSS
DFSS (Design for Six Sigma) is proved to be a scientific management process. And it's usually divided into five stages: identification, definition, design, optimization, verification. The five methods in the method set well Correspond to the five stages. The detail information is shown in Table 2 . 
Five Layers Innovation Design Model based on Method Set and DFSS
The innovation model based on the method set and DFSS is shown in Figure 1 . The model has five layers according to the DFSS manage process: identification layer, definition layer, design layer, optimization layer and verification layer. 
Layer I: Identification Layer
The layer mainly focuses on indentifying the product development strategy for the target product. Collected the product information, analyzed the level of product technical maturity using the S curve of TRIZ evolution theory [17] , the product lifecycle stage (P) is work out. According to the lifecycle theory, the product lifecycle is divided into four stages: introduction (p 1 ), growth (p 2 ), maturity (p 3 ) and decline(p 4 ). That is P= (p 1 , p 2 , p 3 , p 4 ). Referring articles [19] [20] 
Layers II: Definition Layer
Using CA to analyze the customer requirement and BS to deal with the requirement, this layer aims to define innovation questions and solutions. According to the characters of product developing strategy S, questionnaires are developed to obtain customers requirements. A number of experts is asked to study the customers requirement using CA. The customer's requirements contain: direct requirements of users or purchasers (r 1 ), indirect requirements of medias or enterprises (r 2 ), basic requirements of customers (r 3 ), expected requirements (r 4 ) [21] . Let R=( r 1 , r 2 , r 3 , r 4 ,) . In the space R, all the customer's requirements are clustered into certain groups using CA. According to the methods of CA, Each group is named by the most representative requirement.
According to the groups, the experts are invited to take part in BS conference to define the essential questions and search the solutions.
Layer III: Design Layer
The main task of the layer is to solve the conflicts of customer's requirements or solutions using TRIZ. There are two conflict's types in TRIZ theory: technical conflict and physical conflict. The experts are invited to judge whether there are conflicts between the requirements and solutions. The conflicts are represented by character c i , and Non-conflicts are represented by character n j . Let C=C(c i ), N=N(n j ). C or N is the set of all conflicts or non-conflicts. The experts categorize the c i into two conflict's types. To the technical conflicts, 39 general engineering parameters are used to describe the conflicts, 40 invention principles are used to solve the conflicts (d 1 ); To the physical conflicts, four separation principles are used to solve the conflicts (d 2 ). In addition to these, the effects database (d 3 ) and Substance-field model With 76 standard solutions (d 4 ) can also use to solve the conflicts. D is used to describe the solutions set of conflicts, let D=( d 1 , d 2 , d 3 , d 4 ).
Layers IV: Optimization Layer
The set of possible requirements solutions contains non-conflicts solutions set N and conflicts solutions set D. Under the restriction of the development cycle, cost and actual situation of enterprises, QFD is used to choose which solutions are most suitable. As the result, optimized solutions set is worked out, and represented by SO(so i ).
Layers V: Verification Layer
Using RT to verify the SO(so i ) whether it's reliable or not is the layer's task. In the layer, a number of questionnaires and experiments is conducted to make sure the SO(so i ) is characterized by higher cost performance, higher rate of success, lower maintain cost and easier manufacture. If the test is not passed, go back to the layer II, and repeats the steps. Otherwise, the SO(so i ) is the suitable solutions set for the target product, and can be carried out immediately.
Case Study
Taken the example of the lighting design to verify the five levels innovation design model based on the method set and DFSS.
(1) Identification layer: Based on the design study and TRIZ evolution theory, the lighting product is at maturity stage (p 3 ). The developing method is product improvement (m 3 ). So, the output of layer I is: S=P·M T = product improvement.
(2) Definition layer: According the lighting and it's maturity stage, a questionnaire was made to survey the customer's requirements. 200 lighting buyers were asked to fill the questionnaires, as the result, 186 questionnaires was valid. After cluster analysis by SPSS (Statistical Product and Service Solutions software, IBM), 6 groups of requirements were obtained. The result is shown in the table 3. 15 professionals was invited to take part in the BS conference. Finally, the emotional design was found to be the key requirement of the lighting design. Figure 3 is the design sketch. There is a set of friction pads in the shaft, in order to balance the weight of the light bar when it is folded.
Principle 15. Dynamics
Allow (or design) the characteristics of an object, external environment, or process to change to be optimal or to find an optimal operating condition.
The light bar can stay in any position without any other operation. 
Conclusion
In order to solve the problems of product innovation design, the study develops a innovation design model, which integrates the creative method (AC, BS, TRIZ, QFD, RT) and the process management theory (DFSS). The five layers model is proved highly effective by the case of lighting design. The study is a attempt of innovation methods integration in the view of the whole product developing process. And the research result will provide method reference for other innovative design.
